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ABSTRACT 


Work  on  Contract  Nonr-2li8(LO)  has  been  directed  towftbd  the  praparalion  of  detailed 
climatic  maps  of  Africa  and  the  Indian  sub-continent  after  the  system  of  classification 
devised  by  Thomthvaite  in  19U6.  To  complete  the  work  required,  climatological  records 
for  more  than  1200  selected  stations  in  Africa  and  LOO  stations  in  Indie  .nd  vicinity 
were  collected,  analysed,  and  tabulated.  Water  balances  for  each  station  ware  derived 
from  the  climatic  data  alone  using  methods  introduced  by  Thomthwalte.  from  such  calcu- 
lations, detailed  estimates  of  potential  evaootransplration,  actual  evapotransniratlon, 
soil  moisture  utilisation,  weter  surplus,  and  water  deficiency  were  obtained.  In  addi- 
tion, the  moisture  type  and  thermal  efficiency  of  the  climate  were  determined  at  each 
station. 

Each  of  the  principal  water  balance  factors  waa  studied  in  relation  to  its  regional 
variations  and  a method  of  mapping  waa  selected.  The  method  recognised  the  effects  of 
topographic  diversity  and  the  influence  of  oceans  on  climatic  factors.  Distribution  of 
soils,  vegetation,  or  hydrography  were  not  used  as  the  basis  for  interpolating  data  among 
stations  although  agreement  between  the  climatic  maps  and  such  physiographic  information 
ia  clearly  apparent.  It  was  found  that  each  of  the  selected  climatic  factors  was 
especially  correlated  with  topography.  The  agreement  with  topography  was  most  noticeable 
in  the  case  of  potential  evapotranapirntlon  and  least  noticeable  with  precipitation.  Tho 
distributions  of  water  surplus  and  deficiency,  and  the  moisture  regions  which  depend  on 
'oth  potential  evapotransniratlon  and  precipitation  were  intermediate  in  their  agroement 
with  topography. 


climatic  maps  at  a scale  of  lif>, 000, 000  of  average  annual  potential  evapotranspira- 
tlon,  water  deficiency,  water  surplus,  the  moisture  regions,  and  precipitation  were  pre- 
pared for  Africa  and  India.  The  large-scale  cllmetic  meps  could  not  be  reproduced 
inexpensively  for  inclusion  with  this  report  so  small-seele  meps  giving  the  general 
outlines  of  the  patternn  shown  on  there  more  detailed  maps  were  prepared  and  are  included 
as  plates  end  II.  Meps  of  precipitation  ere  included  in  the  text  for  comparison  with 
the  other  elements  of  the  water  balance.  Descriptions  of  each  of  the  maps  are  provided. 
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CLIMATKS  OF  AFRICA  AND  INDIA  ACCORDING  TO  TIDRNTKWAITL'5  19140  CLASSIFICATION 

by 

Douglas  B,  Carter 


The  I9I48  Thornthwalta  climatic  classification  Introduces  the  concept  of  potential 
avapotranspl ration  and  usas  It  In  the  task  of  delimiting  climatic  regions.  Potential 
evapotranspiration  Is  defined  as  the  quantity  of  voter  that  would  be  evaporated  and 
transpired  from  a vegetation-covered  area  when  the  soil  always  contains  an  optimum  of 
moisture.  C1s„nl  Meatione  based  only  on  temperature  and  precipitation  and  their  aeasonal 
variations  cannot  delineate  climates  accurately  for  they  fall  to  provide  a rational  inter- 
pretation of  the  moisture  factor.  One  cannot  tell  whether  a climate  1s  moiet  or  arid 
from  a knowledge  of  precipitation  alone.  Only  by  comparing  the  precipitation  or  avail- 
able water  with  the  potential  evarotranspirati on  or  water  nerd  can  a •■MionaHe  acr.ejo- 
ment  of  the  moisture  environment  be  made.  Under  Thornthwalta 'r  i9iiB  classification, 
climatic  boundaries  are  delineated  on  the  baeis  of  climatic  factors  alone  and  are  inde- 
pendent of  the  distribution  of  vegetation  or  soil,  criteria  which  might  be  used  in  any 
avaluatlon  of  tha  ayetam. 

A large  number  of  regional  studies  utilising  Thomthwalte's  new  system  of  climatic 
classification  hae  recently  appeared.'3 »1 2*3»u,5)  in  addition,  under  Air  Force  sponuor- 
ehip,  commit ations  and  maps  of  the  classification  have  beer,  prepared  at  the  Laboratory 
of  Climatology  for  Japan,  Koraa,  Formosa,  China,  Australia,  Southwest  Asia,  and  continen- 
tal Southeast  Aela.  Unfortunately,  most  of  these  previous  maps  are  not  comparable  in 
acala  or  in  method  of  mappinr  and  tha  maps  do  not  anhrnce  whole  continents.  Computations 
and  maps  of  Thorn thv pita' a new  classification  have  been  particularly  lacking  for  Africa 
and  India.  Thus  tha  present  contract  was  begun  in  order  to  complete  the  mapping  of  the 
climatic  classification  for  the  largest  land  areas  remaining  unmapped  - areas  which  are 
of  considerable  strategic  importance  in  the  present  world  situation. 


RESEARCH  OBJECTIVES 


Tha  objectives  of  tha  project  were  (1)  the  computation  of  the  various  climatic 
indicts  of  tha  19UP  Thomthvalte  elaesl fication  of  climate  for  the  Indian  sub-continent 
and  all  of  Africa;  (?)  the  mapping  of  these  quantities  on  a acala  consistent  with  tha 
danalty  of  tha  climatic  stations;  and  (3)  preparation  of  a brief  dlscusaion  and  descrip- 
tion of  the  resulting  pettema. 

ELEMENTS  OF  THE  CLASSIFICATION 


In  soma  arete,  precipitation  Is  always  more  than  the  evapotransplration,  the 
vat#  need,  so  that  tha  soil  remains  full  of  water  and  a water  surplus  occurs.  In 
other  places,  month  after  month,  precipitation  is  less  than  potential  evapotransplration, 
there  la  not  enough  moisture  for  the  vegetation  to  use  and  a moisture  deficit  ocrura. 

Stations  with  both  wet  and  dry  seasons,  or  with  eold  seasons  of  low  water  need,  normally 
show  (1)  a period  of  full  storage,  when  precipitation  exceeds  water  need  end  a moisture 
surplus  accumulates;  (?)  a drying  season  when  stored  soil  moisture  and  precipitation  are 
uaed  in  evapotransplration,  s torus  is  steadily  diminished,  the  actual  evapotransolratlon 
falls  below  tha  potential  and  moisture  deficiency  occurs;  and  (3)  • moistening  season 
when  precipitation  again  exceed*  water  need  aisd  aoil  moisture  is  recharged. 

1.  Burgos,  77  777  *n<4  Vidal,  A.  L.  Los  Cliaas  da  la  Republic*  Argentina  Sagun  la  Nusva 
Claslfication  da  Thomthvalte.  Msteoroe,  Ano  I,  No.  ),  bnero  1951,  pp.  3-3?* 

2.  trine,  Sirrl.  Tha  Climate*  of  Turkey  According  to  Thornthwalta 'a  Classifications. 

Annals  Assoc.  Ayr.  Ceogr..  Vol,  39*  No.  1,  March  19U9,  pp.  26-U6, 

3.  Garniar,b.  J,  fhomthwalta'a  Now  Syatam  of  Climatic  Classification  in  It*  Applica- 
tion to  Naw  Zealand.  Trans,  rtoy.  Soc.  New  Zealand.  Vol.  79,  Pt.  1*  June  19*1,  pp.  87-103. 

I4.  How*,  u,  M,  Climates  of  the  Ahodaalas  and  Nyasaland  According  to  the  Thornthwalta 
Classification.  Ueocr.  Rev,.  Vol.  1*3*  No*  li»  1953*  PP*  525-539* 

?.  Sanderaon,  M,  Tha  Climates  of  Canada  According  to  the  Naw  Thornthwalta  Classification. 
Scientific  Agriculture,  Vol,  20,  No.  11,  Nov.  19lj0,  pn.  5oi-*17, 


It  vs*  original ly  assumed,  for  convenience  only,  that  the  root  tone  of  the  Boll 
contained  a maximum  of  10  cm  of  water  .n  storage  at  field  capacity  and  that  thin  moisture 
would  ba  used  at  the  potential  rata  as  long  as  any  of  it  remained.  Actually,  we  have 
known  that  the  moisture  holding  capacity  of  the  soil  available  for  use  by  the  roots  may 
be  much  greater  than  10  cm  mid  that  as  soil  moisture  is  utilised  the  rate  of  avapotranapi- 
ration  will  diminish.  Recent  work*  suggests  tliat  at  least  30  cm  depth  of  water  will  be 
available  for  use  by  deep-rooted  mature  plants  in  most  normal  soils  and  that,  the  evapo- 
tiansfil ration  rate  which  diminishes  as  the  soil  dries  is  proportional  to  the  amount  of 
water  in  the  soil.  When  the  soil  moisture  is  reduced  to  one-half  of  capacity  the  actual 
avapotranspiration  rate  will  be  inly  one-half  of  the  potential  rate.  Somewhat  comparable 
values  of  actual  avapotranspiration,  water  surplus,  and  deficit  are  obtained  using  either 
the  original  10  cm  assumption  or  the  new  assumption  of  a 30  cm  storage  capacity  end  a 
varying  rate  of  avapotranspiration  as  would  be  expected  from  a consideration  of  the 
assumptions  themselves.  The  new  procedure  is  preferable,  however,  since  it  is  more 
realistic  than  the  older  empirical  one  and  depicts  more  exactly  the  processes  going  on 
in  nature. 

Using  the  new  procedure  it  is  possible  to  work  out  a water  balance  sheet  from 
climatological  data  alone  showing  at  all  timer  the  soil  moisture  condition  and  providing 
values  of  moisture  surplus  and  defielancy.  In  figure  1,  precipitation  is  compared  with 
both  potential1  and  actual  avapotranspiration  at  selected  stations  in  Africa  and  India 
while  table  I gives  the  water  balance  computations  for  two  of  them.  The  various  opera- 
tions lndicatad  in  table  1 are  relatively  straightforward.  When  the  soil  moisture  is  at 
field  capacity,  actual  and  potential  avapotransoiratlon  are  the  same  and  all  precipita- 
tion in  axcess  of  the  potential  evapotransoiration  in  realised  as  water  surplus.  When 
precipitation  does  not  equal  potantial  evapotranspiration  the  difference  is  made  up  ir 
part  from  soil  molstura  storage j but  as  the  soil  becomes  drier,  the  part  not  made  up  is 
larger.  This  la  the  water  deficit,  the  amount  by  which  actual  and  potential  evapotran- 
aplration  differ.  The  soil  moisture  storage  change  cannot  ba  determined  directly  but 
must  be  obtained  from  an  appropriate  table. 

Table  1 

Water  Balance  for  Selected  Stations 
(in  centimeters) 


J 

r 

M A M J J 

A 3 

ONI) 

r 

Kayes,  french  West  Africa 

lolentlal  Evapo. 

9.6  13.0  17.it  18.9  20.2  18.8  17.1 

15.8  15.6  I6.lt  lit .8  9.3 

186.9 

Precipitation 

0 

0 

0.1  0.3  1.7  9.5  I8.lt  21.lt  llt.C 

lt.0  0.1  0.2 

69.7 

Difference 

-v.6-13. 0-17. 3-18.6-18. 5 -9.3  1.3 

5.6  -1.6- 

12 .la— 11* • 7 -9.1 

-117.2 

3torage  Change* 

0 

0 

0 0 0 0 1.3 

5.6  -0.7 

-It. 3 -1.9 

Soil  hoist.  Storage 

0 

0 

0 0 0 0 1.3 

6.9  6.2 

1.9  0 0 

16.3 

actual  /epo. 

0 

0 

0.1  0.3  1.7  9.5  17.1 

15.8  lit. 7 

8.3  2.0  0.2 

69.7 

Water  ueficleney 

9.6  13.0  17.3  18.6  18. 1 9.3  0 

0 0.9 

8.1  12.8  9.1 

117.2 

Water  Surplus 

0 

0 

0 0 0 0 0 

0 0 

0 0 0 

Srinagar,  Kashmir 

Potantial  Evapo. 

0 

0.3 

2.1  5.6  8.?"ir.TTlt.2 

13.1  8.7 

It. 5 1.7  O.U 

70.7 

Precipitation 

7.lt 

7.1 

9.1  9.it  6.1  3.6  5.8 

6.1  3.8 

3.0  1.0  3.3 

65.7 

Difference 

7.ti 

6.8 

7.0  lt.it  -2.8  -8.2  -8.lt 

-7.0  -It. 9 

-1.5  -0.7  2.9 

Storage  Change* 

7 .it 

6.8 

3.2  0 -2.7  5.9  -5.8 

-3.3  -1.9 

-0.5  -0.2  2.9 

Soil  Moist,  storage 

20.0  26.8 

30.0  30.0  27.3  21.lt  15.6 

12.3  10.lt 

9.9  9.7  12.6 

Actual  Evapo. 

0 

0.3 

2.1  5.0  8.8  9.5  11.6 

9.h  5.7 

3.5  1.2  O.ti 

57.5 

Water  Deficiency 

0 

0 

0 0 0.1  2.3  2.6 

3.7  3.0 

1.0  0.5  0 

13.7 

Water  Surplus 

0 

0 

3.8  la.lt  0 0 0 

0 0 

0 0 0 

8.7 

•Soil  moisture  utilisation 

diminishes  as  tha  soil  moisture  etorege 

becoswts  less. 

n Thorn thwaita,  <?.  and  Hathar,  J.  R.  The  Water  Budget  ana  Ita  Us*  in  Irrigation 
In  Yearbook  of  Agriculture,  195$.  U.  S.  Jepartment  of  Agriculture  tin  press). 


In  regions  where  the  water  deficiency  Is  large  with  respect  to  the  need  or  poten- 
tial evapotranspiratlon,  the  climate  is  dry;  when  water  surplus  is  large  with  respect  to 
the  potential  evapotranspiratlon  the  climate  is  moist.  Where  there  is  a water  surplus 
and  no  water  deficiency,  the  relation  between  water  surplus  and  water  need  constitutes 
an  index  of  humidity.  Similarly,  where  there  is  a water  deficiency  and  no  surplus,  the 
ratio  between  water  deficiency  and  water  need  conrtltutes  an  index  of  aridity.* 

Water  surplus  and  deficiency  will  occur  at  different  seasons  in  most  places  so 
that  both  must  be  taken  into  account  in  a moisture  index,  the  one  affecting  it  positively, 
the  other  negatively.  When  the  humidity  index  is  compared  with  the  aridity  index  making 
due  allowance  for  soil  moisture  storage  and  utilization  a moisture  index  is  obtained. 

Moist  climate:,  have  positive  values  of  the  moisture  index  while  dry  climates  have  nega- 
tive values.  This  index  is  the  basis  for  the  division  of  the  wrld  into  moisture  pro- 
vinces. The  divisions  suggested  are* 


Moisture  Province 

Moistur*  Tndex 

A Perhumid 

100  and  shovs 

Bil) 

80  - 99.9 

b3^—  Humid 

60  - 79.9 

B?  J 

I4O  - 59.9 

Ul) 

20  - J9.9 

C?  Moist  sub-humid 

0 - 19.9 

Ci  Dry  sub-humid 

-19.9  - 0 

D Semi-arid 

-39.9  - -20 

E Arid 

-60  - -I4O 

The  moist  and  dry  climates  are  separated  by  the  moisture  index  of  zero. 

A second  index  used  to  define  climatic  provinces  is  the  annual  potential  evapo- 
traneplratlon  ltaelf.  Evapotranspiratlon  - the  change  in  state  of  water  from  liquid  to 
vapor  - repreaents  not  only  an  important  maaa  transfer  from  ground  to  atmosnhere  but  also 
it  is  an  important  agancy  of  anergy  tranafar  since  eonsid  treble  heat  is  used  in  evapo- 
tranapdratlon  and  it  is  transferred  to  the  air  with  the  vapor  ae  latent  heat.  Evapo- 
transnirstion  is  more  than  the  reverse  of  rainfall}  it  is  also  a reverse  flow  to  the 
inconing  radiation.  A single  parameter,  hence,  provides  a picture  of  two  of  the  princi- 
pal! exchanges  between  oarth  and  atmosphere. 

With  moist  soil  practically  all  of  th#  net  radiation  is  used  in  evapotranspiratlon 
and  little  goes  to  warming  the  aoil  or  heating  tha  air.  Under  these  conditions  the 
actual  avapo transpiration  approximates  the  potential  evapotransoiration.  Thus,  this 
latter  quantity  becomes  an  index  of  available  energy  - energy  which  Is  used  in  the  evapo- 
trensnlretlon  of  water  end  In  the  growth  of  plants.  As  such,  potential  avapotransnlra- 
tlon  -an  be  expreseed  either  in  depth  of  water  evaporated  or  In  calories  of  energy  ueed 
In  spotransplrstlon  or  plant  growth.  The  thermal  provinces  •♦sfined  by  means  of  poten- 
tial evspotransplratlon  or  available  energy  are  given  belowi 


Annual  Potential  Evapotranspiratlon 


Thermal  Provinea 

fWptn  of  Water  TJfieJ 

Energy  Aval labia 

A'  Mega  thermal 

>1114.0  cm 

>66.7 

kg  cal 

B * It ) 

99.8 

- III4.O  cm 

58.5  - 

66,7  kg  cal 

B'j)-  Mesotharwal 

B'2) 

85.6 

- 90,7  rm 

50.1  - 

58.14  kg  cal 

71.3 

- 85.5  cm 

Ul  .8  - 

50,0  kg  cal 

B'i> 

57,1 

• 71.2  em 

33.U  - 

til. 7 kg  cal 

C'?)-  Mterothansal 

U?.« 

- 57 .0  cm 

25, ] - 

33.3  kg  cal 

C'j ) 

28.6 

• U? .7  cm 

16.7  - 

25.0  kg  cal 

D'“  Tundra 

114.3 

- ?8.<  em 

fl.li  - 

16,6  kg  cal 

E'  frost 

0 

• 1(4.2  cm 

0 

8.3  kg  cal 

1,  Thornthwalte,  C,  U.  An  Approach  Toward  a Rational  Classification  of  Climate. 
Ceogr . H»v..  Vol.  38,  No.  1,  191,8,  pp.  5*;-9U. 


WATER  BALANCES  OF  SELECTED  STATIONS  IN  AFRICA 


Figure 


WATER  BALANCES  OF  SELECTED  STATIONS  IN  INDIA  AND  VICINITY 


Figure  1 (continued 


It  in  worthy  of  stress  that  the  indices  which  define  these  "provinces"  specify  at 
every  point  a thermal  growth  potential  and  the  degree  of  ■oi'tness  or  dryness  of  the 
climate.  In  other  words,  the  indices  are  continuously  distributed  about  the  earth,  and 
do  not  exist  merely  along  boundaries. 

These  then  are  Important  elements  of  Thomthwaite ' s classification.  In  addition, 
indices  of  the  seasonal  variation  of  each  of  the  moisture  and  thermal  Indices  are  some- 
times Included.  Because  of  the  predominance  of  tropical  conditions  in  Africa  and  India 
and  the  consequent  lack  of  wall-defined  seasons,  however,  the  seasonal  indices  have  not 
been  Included  in  the  material  prepared  under  this  contract.  In  their  place,  maps  of  two 
supplementary  climatic  elements,  the  water  surplus  and  the  water  deficit  have  been 
included.  Detailed  maps  of  the  distribution  of  precipitation  which  were  constructed 
during  the  course  of  the  work  on  the  contract  are  also  included  in  the  present  report. 

The  significance  of  annual  water  surplus  is  most  appait-nt  in  aDpcsielng  the  water 
resources  of  any  region.  Tha  annual  surplus  is  the  annuel  sum  of  monthly  amounts  by 
which  precipitation  axcaada  water  need  end  replenishments  of  soil  moisture  storage  and 
ao  It  ia  aqulvalent  to  tha  annual  runoff.  To  map  the  water  surplus  the  following  scale 
of  intervals  he?  been  arbitrarily  selected. 

less  then  10  cm  80  - 99 

10  - 19  100  - 1L9 

20  - 39  150  - 199 

liO  - 59  200  - 299 

60  - 79  300  - 399 

1*00  and  over 

The  annual  water  deficiency  is  the  sum  of  monthly  deficits  resulting  from  the 
failure  of  precipitation  and  soil  moisture  atorage  to  supply  the  water  needed  for  poten- 
tial avapotransplra  tlon . Intervals  used  in  the  mapping  of  water  deficiency  are  completely 
arbitrary  and  are  virtually  the  earns  as  those  used  for  mapping  water  surplus. 


CONSTRUCTION  0?  CLIMATIC  MAPS 


The  three  major  considerations  in  the  preparation  of  climatic  cherts  under  this 
contract  werei  (l)  the  collection  end  analysis  of  all  available  climatological  "normal;;" 
of  monthly  temperatura  and  praeipitation  and  the  computation  of  potential  evapotranspira- 
tlon  and  the  other  climetle  parameters  from  those  data;  (2)  the  standardisation  of  a 
method  of  interpolating  among  station  values;  and  (3)  the  selection  of  a suitabla  base 
map  wl  th  a scale  which  is  appropriate  for  the  station  density  and  method  of  interpolation. 

Data  of  temperatura  and  precipitation  for  practically  all  Indian  stations  were 
avallabl  in  the  Laboratory's  files  at  the  beginning  of  the  contract.  Such  data  for 
African  etetlons  were,  however,  generally  lacking.  Th#  deficiency  was  rectified  through 
two  steps;  (1)  member  nations  of  the  World  Meteorological  Organisation's  Region  1 
(Africa)  were  systematically  addressed  with  requests  for  climatological  normals;  and 
(2)  secondary  sources  in  the  Weather  Bureau  Library  and  the  American  Geographical  Society's 
library  were  surveyed.  As  a result,  the  latest  available  climatological  summaries  were 
obtained  from  most  areas.  This  effort  to  obtain  data  was  uterlally  hastened  as  a result 
of  a rather  complete  list  of  climatological  data  which  are  available  in  leading  libraries 
prepared  for  us  by  the  Directorate  for  Climatology,  Air  Weather  Service. 

Most  of  the  etetlons  from  which  data  were  available  had  records  of  10  to  30  years 
duration.  It  was  not  possible  to  reduce  all  the  date  to  s standard  period  of  observation 
because  the  periods  utilised  by  the  different  countries  ere  not  coincident.  Temperatures 
ere  particularly  conservative  in  tropical  regions  and  averages  of  even  a few  years  are 
quite  stable.  Precipitation,  however,  varies  greatly  so  relatively  stable  values  can 
only  be  obtained  from  many  years  of  record.  Precipitation  records  from  several  etetlons 
had  to  be  rejected  as  too  short. 

The  computations  of  potential  evapotranspiratlon,  the  moisture  index,  end  the  water 
deficit  end  surplus  from  mean  monthly  temperatures  end  precipitation  were  carried  out 
with  the  objective  of  reducing  errors  to  a mlnlmun.  In  addition,  a system  of  checks  "as 
Instituted  in  order  to  validate  the  computations.  The  checking  of  potential  evepotranspi- 
ratlon  was  carried  out  rraphlcally  while  the  comMitatlons  of  water  surplus  and  deficit 


were  moit  easily  checked  by  tha  continuity  of  the  moisture  balance  sheet  (table  1).  The 
final  check  for  all  values  was  the  mapping  of  the  actual  values. 

The  numerical  climatic  data  pertain  strictly  to  the  station  locations  so  that  data 
for  Intervening  places  can  only  be  Inferred  from  the  influences  of  the  local  environment 
on  the  distributions  of  climatic  elements.  The  factors  of  greatest  significance  for 
local  interpolation  are  the  oceanic  and  the  topographic  Influences. 

Maps  of  the  parameters  which  are  affected  by  thermal  conditions  should  allow  for 
a greater  effect  of  cooling  along  ooasts  where  tha  land-sea  breexe  is  well  developed 
than  in  the  ism*  list#  interior.  Cooling  is  also  apparent  at  coastal  stations  adjacent 
to  cold  upwelling  ocean  waters  where  air  movement  Is  directed  toward  the  shoreline.  The 
oceanic  Influence  is  probably  less  effective  along  very  wet  coasts  because  of  the  simi- 
larity of  the  thermul  balances  over  the  ocean  and  wet  coastal  lands. 

Topographic  diversity  is  reflected  in  nearly  all  climatic  distributions;  conse- 
quently, the  topographic  map  is  to  aoma  degree  a guide  to  interpolation  among  climatic 
values.  For  example,  elevation  is  usually  correlated  with  lowered  potential  evapotran- 
splration,  with  smaller  water  deficit  and  greater  water  surplus  and  precipitation.  The 
pattern  of  potential  evapotranspi ration  closely  reflects  the  topographic  diversity  of 
a region  although  it  does  not  usually  eorraspond  exactly  with  the  alevation  contours. 

By  contrast,  the  precipitation  pattern  only  generally  resembles  the  topographic  pattern. 
Since  water  eurplus,  and  deficit,  and  the  moisture  index  result  from  comparisons  of 
potential  evapotransoiration  and  precipitation  amounts,  the  local  topogranhy  exercises 
an  Influence  on  these  parameters  which  is  intermediate  between  its  effect  on  precipita- 
tion and  potential  evapotranspiration. 

Objective  interpolation  among  atation  values  for  the  purpose  of  drawing  isopleths 
of  climatic  parameters  is  clearly  basic  to  ar  accurate  presentation  of  any  climatic 
distribution.  In  order  to  eonatruet  maps  which  present  only  climatic  data,  lntarpolatlon 
has  been  based  on  only  the  known  oceanic  and  topographic  Influences  snd  not  on  evidence 
from  other  distributions  such  as  vegetation  or  soils  which  would  be  utilised  in  evaluating 
tha  adequacy  of  the  mapping.  Coastal  regions  have  been  treated  from  the  standpoint  that 
tha  land-sea  braaxa  should  result  In  a narrow  band  of  cooler,  more  moist  climatic  conditions. 
The  coastal  ragions  adjacent  to  cold  ocean  currents  have  been  regarded  as  completely  domi- 
nated by  tha  cool  dry  air  associated  with  the  cold  ocean  currents.  Klsevhere  the  effect 
of  topography  la  tha  controlling  factor  bo  that  hypsometric  maps  were  required  as  bass 
maps. 


tvary  climatic  pattern  takas  its  major  alignment  from  the  principal  topographic 
outlines.  Ragions  of  notable  relief  have  the  greatest  climatic  diversity  while  lowlands 
are  distinguished  for  their  relative  uniformity.  Although  climatic  data  are  often  lack- 
ing In  mountainous  areas,  the  correlation  of  elevation  and  climatic  parameters  improves 
with  b .ght;  thus,  data  are  usually  much  more  representative  in  the  mountains  than  in 
regions  of  lesser  relief. 

The  general  results  of  the  method  of  interpolation  may  ba  summed  up  as  follows! 

1.  A pronounced  coastal  modification  of  isopleths  along  eool  coasts 

2.  A lcoaliied  pattern  of  eoollng  for  tha  belt  of  land-sea  breezes 

3.  Frequent  aaaymetry  between  Isopleths  of  the  moisture  parameters  and  tho  eleva- 
vatlon  eontoura 

U.  Virtual  coincidence  between  potential  evapotranspiration  and  contours  of 
elevation  fbr  all  small  regions  but  orly  general  correspondence  between  precipitation 
distribution  and  relief 

5.  Intermediate  agreement  of  water  aurplua,  water  deficiency,  and  moisture  regions 
with  elevation  eontoura. 

Tha  foregoing  considerations  have  dictated  the  type  of  base  maps  to  be  employed. 

A relief  map  with  reliable  contours  is  needed  and  tha  number  of  stations  for  which 
reliable  data  have  been  obtained  suggests  a nap  seals  of  about  li5»000,000.  Tha  World 
Aeronautical  Planning  Charts  employing  eueh  a soale  were  adopted  for  the  final  base  map 
for  the  Indian  sub-continent.  Maps  from  tha  same  series  and  on  tha  same  scale  trttlch  were 
available  for  Africa  were  lass  satis  fa  rtory  since  certain  areas  laokad  eontoura.  Tha 
1 i 5,000,000  map  of  Africa  balng  prepared  by  tha  American  Geographical  Society  for  publica- 
tion in  1955-56  met  our  requirements  adequately.  Although  this  map  la  w ill  In  tha 


production  stag*,  it  was  possible  to  obtain  prints  of  the  compilation  ahaats  shoving 
rallaf  and  hydrography  on  scales  of  10,000,000  and  1*5,000,000  through  th#  cooperation 
of  Dr.  C,  B.  Hitchcock,  Director  of  the  American  Oeographlcal  Society.  Th#  1*5, 000,000 
sheets  vers  utilised  as  the  base  asp  for  the  climatic  maps  of  Africa. 

The  H5,000,000  asps  of  Africa  and  India  are  so  large  that  reproduction  at  that 
scale  would  be  too  sxpeneive  for  general  distribution  with  this  report.  However,  a 
B runing  print  of  each  cllaatie  aap  has  been  aade  at  a scale  of  Ii5,000,000  and  the  print 
has  been  hand-colored.  Froa  the  colored  prints,  other  aaps  of  the  five  principal  para- 
aeters,  potential  evapotranspiration,  water  surplus  and  deficit,  moisture  index,  and 
precipitation  have  been  prepared  in  saaller  scale,  retaining  as  much  as  possible  the 
detail  in  the  large-scale  aaps.  Copies  of  those  saall-scale  aaps  are  included  In  this 
report. 


CLIMATIC  MAPS  OF  AFRICA 


Average  Annual  Precipitation 

Traditionally,  averages  of  precipitation  have  been  an  Ingredient  of  climatic 
classifications.  In  Thornthwaite'a  elaaalfleation,  however,  the  annual  amount  is  not 
utilised  directly)  instead,  monthly  amounts  are  coapared  with  potential  evapotranspira- 
tion and  storage  needs  in  order  to  determine  surplus  and  deficiency  of  moisture. 

In  figure  2 the  distribution  of  the  average  annual  precipitation  in  Africa  is 
shown.  The  principal  features  of  precipitation  in  Africa  have  been  described  elsewhere^ 
and  need  not  be  repeated  here.  However,  it  should  be  noted  that  a wide  range  of  amounts 
oecurs  over  the  continent  - froa  nil  in  southern  Egypt  to  nearly  1000  cm  at  Debundscha, 
Nigeria.  Moreover,  as  can  be  seen  from  the  water  balance  graphs  (figure  1)  the  annual 
amount  nay  be  concentrated  in  a few  months  or  distributed  more  or  less  evenly  through 
th*  year. 

Average  Annual  Potential  Evapotranspiration  (Plat*  I-A) 

It  was  indicated  previously  that  potential  evapotranspiration  is  equivalent  to 
either  the  water  need  or  the  thermal  efficiency  of  e climate  and  that  the  potential 
avapotranspiratlon  and  th#  precipitation  are  given  in  the  same  units.  The  distribution 
of  average  annual  potential  evapotranspiration  in  Africa  is  shown  in  plate  I-A. 

Although  not  shown,  the  value  of  potwitisl  evapotranspiration  of  1I1.?  cm  delimits 
the  coldest, or  frost  (E')  climates.  In  African  latitudes  E'  climates  occur  only  on  the 
highest  summit#  generally  above  15,000  ft.  Small  islands  of  E'  climate  occur  on  Mts. 
Ruwenr  1,  Kilimanjaro,  and  Kenya)  these  islands  are  represented  on  th#  It5,000,000  sup 
of  potential  evapotranspiration  completed  under  the  contract  but  no  E'  climate  appears 
in  th#  reduced  aap  Included  in  this  r\"ort.  Although  more  areas  of  D'  climates  than  E* 
climates  are  represented  on  th*  1*5,000,000  aap,  notably  on  Mt.  Elgon,  the  Drakensberg, 
and  several  summits  in  the  central  and  southern  Ethiopian  mountains,  there  is  no  signi- 
ficant extent  of  this  cllaatie  type  in  Africa  so  it,  too,  has  been  omitted  froa  plate  I-A. 

Th*  alcrotheraal  (C')  climates  in  Africa  are  found  only  at  relatively  high  alti- 
tudes in  Morocco,  in  the  Drakensberg,  on  the  highest  volcanoes  of  Kenya  and  Uganda,  and 
in  th#  Ethiopian  Highlands.  The  C',  D',  and  E'  climates  are  restricted  exclusively  to 
mountain  regions  because  warm  water  surfaces  nearly  surround  Africa  and  separate  it  from 
rourc#  regions  of  truly  cold  polar  air. 

Mesotharmal  (6')  cllaatea  comprise  the  range  of  annual  potential  evapotranspira- 
tion from  57  ca  to  III4  cm  while  regathennal  (A* ) climates  have  an  annual  sum  exceeding 
llli  cm,  Th#  B'  and  A'  climates  are  th#  only  two  thermal  types  In  Africa  with  an  appreci- 
able areal  extent. 

Th#  map  of  potential  evapotransoiration  showa  that, north  of  a line  froa  rort 
Etienne  on  th#  Atlantic  coast  to  central  Tunisia  thence  southward  including  the  tablelands 
of  western  Libya  end  eastward  to  th#  Sinai  Peninsula  of  Egypt,  the  climate  is  mesothermal . 


I.  Renfrew,  W.  8.  The  Climates  of  the  Continents.  New  Tork,  Oxford  Untv.  Press, 
Ird  hd . , 10|| 7,  pn. 


figur*  2.  Ar*r*n«  annual  praclpltatlon  In  Arrlea 


South  of  the  northern  msaothemal  climates,  megathermal  conditions  prevail  over 
all  the  Sahara  except  the  Tlbeetl  and  Ahargar  Kasai  fa.  A'  climates  extend  to  the  Guinea 
Coast  and  to  nearly  all  of  the  Congo  Basin  In  western  and  central  Africa  end  large  areaa 
of  A'  climates  surround  the  Ethiopian  Highlands.  Potential  evapotransplration  increases 
southward  in  the  megathermal  cllaatea  to  maxima  which  are  located  In  four  main  basins  in 
the  Sahara  and  Somalia.  Subsidiary  centers  are  found  in  the  Benue  Valley  of  Nigeria  and 
on  the  Red  Sea  coast.  The  larfest  area  of  potential  e**epotransplration  exceeding  171  cm 
is  in  French  West  Africa  in  the  lowlands  southwest  of  the  Ahaggar.  Other  centers  of 
store  than  171  cm  are  located  in  the  Chad  Basin  and  in  the  Upper  Nile  province  of  Anglo- 
Egyptlan  Sudan.  Along  the  Somalia  coastal  plain  and  into  the  Juba  and  Shlbell  valleys 
there  is  another  moderate  area  of  mora  than  171  cm  of  potential  evapotransnlration. 

Values  of  water  need  exceeding  171  cm  apparently  are  not  common  in  other  continents  and 
certainly  annual  suns  exceeding  200  cm  are  presently  unknown  except  at  a single  station 
in  Somalia.  At  Lugh  Ferrandl , the  average  annual  potential  evapotransri-eM-n  amounts 
to  ">06, 7 cm. 

The  march  of  potential  evapotransplration  in  the  megathermal  climates  of  central 
and  western  Africa  la  extremely  varied)  a single  peak,  a double  peak,  or  multiple  peaks 
of  water  need  occur  at  various  places  in  this  vast  region.  Along  the  boundary  of 
northern  mesothermal  and  megathermal  climates,  the  march  is  characterised  by  a great 
annual  range  from  January  minima  of  one  or  two  cm  to  July  maxima  of  about  20  cm.  Figure 
1-F  shows  that  at  Beni-Ahbaa,  Algeria,  during  July,  the  water  need  soars  to  22.1  cm,  an 
apparent  record  monthly  maximum. 

A double  maximum  of  water  need  ia  common  at  latitudes  lower  than  20°  In  the  mega- 
thermal climates.  At  Kayes,  figure  1-D,  it  can  he  eeen  that  peaks  of  water  need  occur 
just  before  and  after  the  periods  of  greatest  monthly  rainfall . However,  the  aniDlltud* 
of  the  annual  range  of  potential  evapotransplration  diminishes  so  greatly  near  the 
equator  that  eome  stations  have  multiple  maxima  because  the  differences  In  the  lengths  of 
the  months  are  the  dominant  variation.  For  instance,  Gandajlka,  Belgian  Congo  (figure  1-E) 
has  a maximum  in  each  of  tha  four  months  with  31  days  during  Its  rainy  season  but  each 
month  with  fewer  than  31  days  has  a minimum)  however,  the  annual  range  le  less  than  3 cm. 

The  anaothermal  climates  tftlch  embrace  the  interior  plateaus  of  Ethiopia,  Kenya, 
Tanganyika,  Ruanda-Urundl , Angola,  the  Rhodesiaa  and  Nyasaland,  Bechuanaland,  and  the 
Union  of  South  Africa  have  rather  distinct  contrasts  to  the  mesothermal  climates  which 
exist  across  the  northern  extremity  of  the  continent.  The  mesothermal  climates  In  the 
highland!  of  Tanganyika,  Kenya,  Uganda,  Ruanda-Urundl,  and  Ethiopia  have  small  annual 
ranges  of  potential  evapotransplration  rather  then  pronounced  winter  and  summer  periods 
found  in  the  mesothermal  climate  of  northern  Africa.  Precipitation  amounts  and  distribu- 
tions are  different,  too,  from  the  feast  and  famine  regime  of  the  Mediterranean  so  the 
east  African  meeothaniel  climates  have  a reasonably  large  percentage  of  the  potential 
evapotrensr  '.-atlon  aatlsfled  by  available  moisture.  The  regime  of  water  need  at  Hubende, 
figure  1-C,  illustrates  the  small  annual  range  of  water  need  which  la  characteristic  of 
upland  equatorial  Africa. 

The  mesothermal  climates  of  tha  eoeat  of  southwestern  Africa  exhibit  an  "lnverelon" 
pattern.  Potential  evapotransplration  on  the  narrow,  cold  coastal  plain  la  generally 
lest  then  85  cm  and  upland  stations  also  have  small  annual  sums  but  Intermediate  eleva- 
tions have  a water  need  which  exceeds  either  the  coastal  or  the  upland  pieces,  for 
example,  water  need  increase*  by  18  cm  from  73  em  at  Swakopmund  to  91  cm  at  Windhoek  only 
to  diminish  again  to  65  em  at  about  5000  feet  In  the  mountains  east  of  Windhoek.  Inver- 
alone  of  potential  evapotransplration  also  occur,  but  in  leaaer  degree,  in  the  meeother- 
mal  cilmatee  of  coastal  Morocco  and  the  megathermal  climates  of  eoastal  Nigeria.  Meso- 
thermal climates  of  southern  end  northern  Africa  are  basically  similar  in  their  thermal 
efficiency  regime*,  but  the  relief  of  the  two  regions  la  strongly  contrasted  to  the 
areas  of  co  spar  able  types  of  thermal  efficiency  are  dissimilar.  Even  more  contrasting 
are  the  regimes  of  soil  moisture  in  tha  two  region*)  hardly  any  area  of  the  eouthem 
mesothermal  el lmat«s  except  the  Cap*  Province  has  conditions  of  agriculture  and  growth 
of  natural  vegetation  comparable  to  those  in  the  northern  meeothermal  region  in  apito 
of  the  fundamental  similarities  In  growth  potential!. 

Madagascar's  pattern  of  potential  evapotraneplration  1*  almost  e replica  of  lie 
relief  pattern  except  that  the  weter  need  la  elightly  larger  in  the  northwe-t  eoastal 
plain  than  *1  aethers. 


Average  Annual  Water  Surplus  (Plait  I-D) 


A nap  of  the  average  annual  water  surplus  in  Africa  Is  Included  In  plate  I-D. 

Most  of  Africa  has  little  or  no  reliable  surplus.  In  the  Mediterranean  coastal  region, 
the  average  surplus  is  nil  at  many  stations  such  as  Bengasi  (figure  1-B)  where  average 
winter  precipitation  only  partially  refills  the  storage  capacity  of  the  soil. 

Surplus  in  the  Sudan  from  Ganbla  to  the  Cold  Coast  increases  southwcstward  culmi- 
nating in  the  phenomenal  annual  value  of  316  cm  at  Sehlefflin,  Liberia.  Surplus  is  a 
debatable  asset  in  this  region  where  the  enormous  amounts  are  further  aggravating  because 
of  their  confinement  to  a very  few  months. 

In  southeastern  Gold  Coast  and  adjacent  Togo  and  Dahomey,  the  average  annual  sur- 
plus drops  to  less  than  10  cm.  Thl'  peculiar  at»..a»i on  ir  d>'»*  fr  »he  ii.„-tequaoy  of  pre- 
cipitation, primarily,  since  the  rainfall  pattern  is  interrupted  here.  The  lack  of  sur- 
plus is  accompanied  by  evidence  of  dryness  in  every  climatic  map  of  Africa  presented  in 
this  report. 

The  largest  region  of  appreciable  surplus  in  Africa  extends  firm  northwestern 
Nigeria  to  Nyasaland  and  from  southwestern  Angola  to  southwestern  Anglo-tgyptlan  Sudan. 
Withir.  this  region  two  main  centers  of  surplus  are  apparent*  the  Cameroon:;  and  the  up- 
lands of  the  eastern  Congo  Basin. 

Surplus  In  the  Cameroona  is  greatest  along  the  coast  nnd  decreases  inland.  Never- 
theless, the  principal  range  of  the  Cameroons  has  a surplus  of  more  than  60  cm.  The 
record  precipitation  at  Debundscha,  Nigeria,  provides  a surplus  in  every  month  but  else- 
where in  the  Cameroons  surplus  is  interrupted  ir  at  least  one  month  and  Kribi  even  has  a 
dual  regime  of  surplus  aa  figure  1-A  shows. 

The  western  flank  of  the  Mitumba  Mountains  in  the  eastern  Congo  Basin  has  a large 
surplus,  particularly  the  portion  in  the  vicinity  of  CP  to  3°S  latitude.  The  largest 
amount  is  200  cm  at  Mvindo  where  every  month  has  a surplus. 

Tha  canter  of  excesrlva  surplus  in  the  Cameroons  and  the  corresponding  focus  of 
surplus  on  the  eastern  Congo  ranges  are  separated  by  lesser  values  of  surplus,  especially 
along  the  ldwar  Congo  River  where  the  river  forms  the  western  border  of  the  Belgian  Congo. 
An  annuel  surplus  of  6.9  cm  at  Inongo  is  the  lowest  indicated  value  in  the  region.  Other- 
wise, from  Nigeria  to  Nyasaland,  surplus  is  abundant. 

Surplus  in  the  Ethiopian  Highlands  is  common  on  nearly  all  elevated  tracts. 

Greatest  amounts  occur  in  the  southwest  and  aouth  but  little  is  found  in  Eritrea  or 
Somalia-  Surplus  in  Ethiopia  Is  markedly  seasonal  with  many  montha,  particularly  Decem- 
ber, January,  February,  and  March  devoid  of  surplus  even  at  the  wettest  of  stations. 

Fr'«i  Lake  Rudolf  to  Bake  Nyasa,  maximum  surplus  in  British  East  Africa  occurs  on 
the  contorted  discontinuous  relief  elements  which  punctuate  the  plateau.  Moreover, 
gradients  of  eurplua  ere  eteep  on  the  elopes  of  the  restricted  relief.  Over  the  plateau 
of  Uranda-Tenganylka  surplus  varies  only  slightly  above  and  balow  a value  of  20  cm. 
Northern  Motanblque  has  more  diversity  in  its  surplus;  indeed,  the  coastal  plain  north 
of  Belra  has  less  than  20  cm  while  a considerable  area  in  the  northwest  has  more  than 
liO  cm  of  eurp'ue. 

Subplue  of  more  then  20  cm  occurs  in  the  Union  of  South  Africa  on  the  Drnkensberg, 
the  plateau  rim  in  the  east,  end  on  the  ranges  parallel  to  the  south  coast.  From  the 
Drakensberg,  many  streams  carry  away  the  summer  surplus  but  the  Orange  River  system  is 
particularly  noteworthy.  Th#  Orange  crosses  nearly  the  width  of  the  Union  without  the 
benefit  of  ar.y  slreable  surplus  after  it  leaves  the  uplands  of  the  east. 

Surplus  on  Hadagaecnr  ranges  from  210  cm  at  Tametave  to  nil  at  Tulear,  Tsihembe 
an!  Morombe  and  Insignificant  amounts  at  tha  northern  extremity  of  the  islend.  A second- 
ary maximum  occurs  along  the  north-central  mountains. 

wverage  Annual  Water  Deficiency  (Plate  I-C) 

Deficit  Is  equivalent  to  drought  - It  is  the  need  for  moisture  that  storage  and 
preri pi tatl on  have  failed  to  meet.  Only  the  regions  without  deficit  are  free  from  drought. 


A glance  at  the  map  of  average  annual  water  deficiency,  plate  I-C,  is  sufficient  to 
indicate  that  drought  prevails  over  all  Afric-  except  in  the  equatorial  tone  from  the 
Cameroons  to  Lake  Victoria,  in  eastern  Madagascar,  and  in  the  cooler  mountain  districts. 

The  greatest  average  annual  deficiencies  occur  in  Somalia  and  in  the  Sahara  where 
more  than  150  cm  of  water  is  needed  at  many  stations  in  order  to  rectify  deficits.  Three 
centers  of  extreme  deficiency  occur  in  the  Sahara  and  another  extends  alonr  the  Red  Sea 
coast  and  into  Somalia.  Each  area  of  extreme  deficiency  in  the  Sahara  coincides  with  a 
topographic  basin.  In  southern  Africa  the  drought  is  not  as  severe,  quantitatively,  as 
it  is  in  northern  Africa  so  the  pattern  of  deficiency  for  the  continent  is  much  more 
asymmetric  with  respect  to  the  parallels  of  latitude  than  is  the  case  for  precipitation 
distribution  or  the  distribution  of  water  surplus  on  the  continent. 

South  of  the  Atlas  Mountains  and  also  south  Of  the  Libyan  ai.J  Egyptian 
water  deficiency  increases  in  the  Sahara  to  maximuat  values  which  are  virtually  equivalent 
to  the  potential  evapotranspi ration  at  each  station.  At  Kharga  in  southern  Egypt,  the 
average  deficit  actually  equals  the  water  need  because  average  precipitation  is  nil  for 
a twenty-year  record.  Since  many  stations  in  the  Sahara  receive  no  rain  for  more  than 
a year  at  a time,  water  deficiency  there  is  clearly  a persistent  oilier  than  a seasonal 
trait  of  the  climate. 

On  the  Ethiopian  Highlands,  deficiency  is  11  cm  at  Addis  Ababa  even  though  the 
station  has  an  altitude  of  8000  feet.  Elevation's  effect  on  potential  evapotranspi  ration 
eradicates  deficit  from  only  the  highest  peaks.  Peaks  in  the  Ethiopian  Highlands  are 
high  enoueh  to  have  a negligible  deficiency  but  summits  in  Eritrea  and  Sudan  are  not. 

The  region  with  largest  rainfall  in  Liberia,  Sierra  Leone,  and  Senegal  also  has 
a remarkable  deficiency.  No  other  large  region  in  ea  with  more  than  500  cm  of 

precipitation  has  such  a marked  aeaaonal  eoncentrav.  . of  rainfall  and  a resulting,  deficit 
of  more  than  20  cm.  Throughout  the  equatorial  forest  region  from  Lake  Tanganyika  to 
Pt.  dentil  and  from  the  Cameroon*  Mountains  to  the  Kenye-Uganda  boundary,  deficiency  is 
negligible. 

British  Eest  Africa  end  the  Portugese  territories  of  Mozambique  and  Angola  have 
eaeentlally  similar  annual  deficiency.  South  of  the  Kenya  peaks,  annual  deficiency 
ranges  from  20  to  60  cm  on  the  uplands  of  Tanganyika  and  Mozambique  but  varies  even 
leea  on  the  plateaus  of  Angola  and  the  Rhodeslas.  Mountains  with  more  than  5000  feet 
elevation  have  smallest  deficits.  Alonr  the  coast  of  Mozambique  and  Tanganyika,  defi- 
ciency ranges  from  60  to  80  cm  and  in  the  Limpopo  and  Zambesi  valleys,  the  deficit 
approaches  or  exceeds  100  cm,  a marked  contrast  to  the  adjacent  uplande. 

One  of  two  coastal  areas  in  Africa  without  a significant  average  deficiency  ia 
Natal  in  the  Union  of  Stwth  Africa!  the  other  is  found  in  French  Equatorial  Africa  and 
Nigeria.  The  Natal  region  of  low  deficiencies  extends  from  the  vicinity  of  East  London 
to  Empangenl  then  inland  and  northward  to  Ladybrand,  Standerton,  Carolina,  and  Pilgrims 
Reet.  Continuation*  of  tha  low  deficit  region  radiate  outward  from  the  main  area  along 
the  ridges  near  Petersburg  and  also  along  the  ridge  toward  Mafeking. 

Other  regions  in  Africa  with  30  cm  deficiency  ere  extensive,  particularly  over 
the  plateau*  at  1CP3  and  in  th*  Sudan  in  North  Africa.  However,  the  latter  are  tropical! 
they  have  much  larger  amounts  of  precipitation,  water  need,  and  water  surplus  than  the 
plateaus  of  South  Africa. 

Daflelanclaa  in  th*  Kalahari  Desert  reach  alaost  100  cm  annually  but  the  prevail- 
ing deficit  ia  only  about  80  cm.  East  of  the  desert,  deficits  decrease  with  Increasing 
altitude  elthou^  a low-altltuda  connection  between  areas  with  high  deficiencies  in  the 
Kalahari  Daiert  and  the  lower  Zambesi  Valley  is  maintained  by  a corridor  where  average 
defl-.lency  exceed*  60  cm.  Th#  large  deficiency  in  the  lower  Limpopo,  however,  is  more 
or  leaa  isolated  from  th*  Kalahari  by  moderate  deficits  at  Zeerust  and  Mafeking. 

Average  ennuel  water  deficiency  ia  less  along  the  Namib  coast  than  it  is  on  the 
mountains  bordering  the  Namib  because  th*  need  for  water  is  greatly  depressed  at  coastal 
stations  by  the  pronounced  cooling  associated  with  the  Benguela  Current.  The  coastal 
area  from  th*  mouth  of  the  Orange  River  to  Mossamedes  has  negligible  precipitation  and 
so  watei  deficiency  is  almost  equivalent  to  water  need. 


Madagascar's  water  deficiency  rentes  from  nil  on  the  east  coast  to  about  100  cm 
in  the  southwest,  west,  and  the  northern  extremity  of  the  island.  In  the  va'ley  which 
contains  Lake  Aloatra,  the  annual  deficiency  is  27  e*  at  Ambohitsilaotana.  Except  for 
this  anomaly,  the  pattern  or  deficiency  in  Madagascar  is  quite  regiilar. 

Moisture  Regions  (Plate  I-B) 

The  mein  types  of  moisture  regions  in  Thomthwsite's  classification  of  climate 
are  perhumid,  humid,  subhumid,  semiarid,  and  arid.  Each  of  these  types  is  shown  in 
plate  I-B.  Furthermore,  the  dry  subhumid  and  moist  subhumid  types  ere  differentiated 
by  a bold  line  ttiich  represents  the  tern  moisture  <ndex.  The  If. id  line  **pai-«tes  moist 
climates  with  prerailing  moisture  surplus  from  dry  climates  with  prevailing  deficiency 
of  moisture. 

Moist  climates  in  Africa  are  not  contiguous!  they  are  found  in  fire  major  groups 
on  the  continent.  Moist  climates  occur  in  the  Atlas  Mountains,  the  Ethiopian  Highlands 
the  Guinea  Coast,  tha  Congo  Basin  and  Its  surrounding  plateaus,  and  moist  climates  are 
found  on  the  summits  of  various  mountains  in  the  peripheral  ranges  from  the  Cape  Province 
to  Lake  Nyasa. 

One  major  bloc  of  dry  climates  occupies  the  lowlands  of  the  Mediterranean  coast 
and  all  the  Sahara)  moreover,  It  extends  to  the  coast  In  the  Gold  Coast  Colony,  In  Togo, 
and  Dahomey,  and  it  encircles  the  Ethiopian  Highlands,  and  projects  across  thu  equator 
in  eastern  Kenya  to  the  vicinity  of  Kilimanjaro.  The  other  large  group  oT  dry  climates 
comprises  the  coastal  strip  south  of  5°S  latitude  and  the  Interior  plateaus  of  southern 
Angola,  and  lowlands  of  northern  Rhodesia  and  .iotambique,  together  with  all  lowlands 
and  plateaus  In  British  South  Africa  except  a triangular  bloc  extending  from  Durban  to 
Bloemfontein  to  Pletereburg. 

Perhumid  Climate* 

Tim  pcrhuuda  climate  of  the  Cameroon  eoart  center*  on  Port  Victoria  and  extend* 
from  the  northern  boundary  of  Spanish  Guinea  to  the  mouth  of  the  Cross  River  but  it  is 
limited  to  the  region  wik.iin  a hundred  miles  of  the  coast. 

Tha  Mitumba  Mountains  northwest  of  Lake  Tanganyika  have  a perhumid  climate  with 
aurplus  occurring  in  the  period  from  September  until  June.  Summits  have  continuous 
■urplus.  On  the  western  flank  of  the  Mitumba  range,  perhumid  climate  extends  to  stations 
as  low  *•  '.010  meters  such  as  Mwindo. 

The  perhumid  climate  of  the  Ethiopian  Highlands  Is  found  at  Gondar,  elevation 
7LL5  feet,  and  et  Let  Marefla,  elevation  7696  feet.  In  southern  Ethiopia,  perhumid 
climates  occur  at  about  7000  feet  on  the  southwestern  sides  of  the  renges  where  precipi- 
tation Is  excessive. 

In  Kenya,  the  perhumid  climates  are  confined  to  the  summits  of  volcanic  peaks. 

Ona  atatlon,  Kerieho,  elevation  6700  feet,  has  a moisture  index  sufficient  for  perhumid 
climate.  However,  the  decrease  of  water  need  with  height  in  central  Kenya  indicates 
the  certainty  of  perhumid  climate*  at  welt  -exposed  stations  above  7000  feet. 

North  of  Lake  Tanganyika,  more  than  20')  cm  or  preeioitatlon  fall  on  mountain 
stations  hut  wster  need  is  less  than  100  cm  so  the  climate  locally  is  nerhumid.  Moisture 
Indices  in  the  vicinity  of  Tukuyv  indicate  that  perhumid  climates  occur  above  ^OfX)  feet 
cn  rain-swept  sloprs. 

Ear  tern  Ms  lagasrar  also  has  perhumid  climate.  Climatic  renditions  resemble  thos# 
in  the  C.ameroons  where  precipitation  is  excesslva  In  spite  of  a moderately  laree  wster 
need . 


Hunld  Gllmates 

Humid  climates  appear  in  limited  areas  of  Morocco,  Algeria,  ami  Tunisia.  The 
humid  climates  of  the  Mediterranean  are  distinguished  by  moderate  amounts  of  rurpliis  and 
a r >■>[>, ruble  deficiency.  Surplus  occurs  during  winter  hut  summer  h*'  large  deficit, 
'.•(•an,,,  greet  I'.at'.  in  Is  only  a faw  mm  during  July  and  August. 


The  mo-t  conspicuous  moisture  type  of  the  Ethiopian  Highlands  1-  the  humll  rrnun. 
All  fou.  auh- types  of  humid  moisture  regions  are  represented  and  many  /-o-nh..,*'  l 0f 
SkU  :'lus  and  Wiclency  exist. 

Humid  climates  In  Trench  Guinea  and  the  Ivorv  Coast  are  shown  in  plate  1-9  as 
more  extensive  than  the  adjacent  perhumid  climate  which  dominates  the  coasts  of  Liberia 
and  Sierra  Leone.  The  humid  climates  of  this  region  are  almost  the  antithesis  of  humid 
conditions  in  the  Mediterranean  because  the  Guinea  Coast  has  a large  surplus  in  a Tew 
months  and  moderate  deficit  lasting  for  several  months. 

The  principal  bloc  of  humid  climates  in  Africa  extends  in  a band  from  south 
central  Nigeria  and  Spanish  Guinea  on  the  west  to  Lake  Victoria  and  Lake  Tanganyika  in 
the  east.  The  largest  expanse  is  in  the  Belgian  Congo  and  French  Equatorial  Africa. 

The  predominant  moisture  indices  are  in  the  lowest  of  the  humid  categories  although  a 
few  stations,  mainly  with  elevations  of  more  than  1000  meters  and  an  ane,:oi  p-cc*  pi  tatlon 
near  or  exceeding  20G  cm,  have  high  indices  apf.i  perhumid  condlLluiis.  Ou'llo«*« 

of  the  main  humid  region  are  found  in  the  mountains  of  Nigeria  and  on  the  nlateau  of 
northwestern  Angola  and  the  Crystal  Mountains  north  of  the  lower  Congo. 

The  rariainlng  areas  of  humid  climate  on  the  continent  are  found  on  the  uplands 
and  mountains  along  the  perimeter  of  the  continent  from  Lake  Nyas«  to  the  tape  of  Good 
Hope . 


Subhumld  Climates 

Moist  and  dry  subhumld  climates  in  Africa  occur  where  either  megathermal  (A1)  or 
mesothermal  (B1 ) conditions  occur)  apparently,  subhumld  and  micro thermal  (C')»  or  colder, 
characteristics  do  not  coexist  anywhere  in  Africa.  The  subhumld  climates  occupy  the 
lower  slopes  of  the  Atlas  Mountains,  the  tthiopian  Highlands,  and  the  southeastern  pla- 
teau rim  of  the  continent,  the  Sudan  margin  of  the  humid  climates,  the  Lake  Victoria 
plateau  of  Uganda,  Kenya,  and  Tanganyika,  the  coartal  region  of  central  Mozambique  and 
tha  coastal  region  of  Natal.  The  region  south  of  the  lower  Kasai  River  and  the  Katanga 
district  in  the  Belgian  Congo  constitutes  a remarkable  expanse  of  subhumld  climates 
which  is  interrupted  only  by  islands  of  upland  humid  climate. 

Subhumld  climates  everywhere  in  Africa  have  some  deficionry  and  some  surplus. 

On  the  Lake  Victoria  plateau,  surplue  and  deficit  are  small,  around  20  cm,  and  the 
resultant  moist  subhumld  climates  grade  into  dry  subhumld  varieties  toward  the  south. 

Subhumld  climates  occupy  most  of  the  lower  elevatione  in  Tanganyika  and  Mozambique; 
much  of  southern  Rhodesia  is  also  dominated  by  subhumld  climate.  The  obvious  difference 
between  the  subhumld  climate  of  southern  Rhodesia  and  the  subhumld  climate  of  lowland 
Motambique  4 , that  the  latter  has  • larger  surplus,  potential  evapotranspiration,  and 
pred  pi  tat  jn . 

The  subhumld  climates  in  east  Africa  are  generally  mesothermal  while  those  in 
west  Africa  ara  megathermal.  The  mesothermal  subhumld  climate  of  the  Natal  hinterland 
is  the  result  of  a most  remarkabla  coincidence  between  the  marches  of  water  need  end 
orecl pltatlon.  A small  deficiency  and  virtually  no  surplus  is  characteristic  of  the 
westernmost  part  of  the  subhumld  climate  here  while  a small  surplus  without  much  defi- 
ciency is  the  prevailing  condition  along  the  coast  near  Durban. 

Semlarld  Climates 

Semlarld  climates  in  Afrlcs  are  almost  devoid  of  a significant  surplus.  Semlarld 
climate  dominates  the  lowlands  of  Morocco  and  the  interior  of  northern  Algeria,  In 
Libya,  the  semlarld  climates  occur  only  In  the  Gebel  Nefusa,  in  the  Gebel  el  Achdar, 
and  along  the  coast  near  Slrte.  Surrounding  the  Ethiopian  Highlands  and  extending  in  a 
tapering  band  toward  Dakar  is  the  largest  region  of  semlarld  climate  in  northern  Africa. 

The  hand  of  semlarld  climate  protrudes  to  the  coast  in  the  vicinity  of  Accra,  Gold  Coast 
Colony. 


The  two  Isolated  segments  of  remlerld  climate  in  Tanganyika,  west  of  tha  mountain 
barrier  nnd  on  th»  MotsisM qu»-Tar.ganyl ka  roast,  coincide  with  local  minima  of  precip'ta- 
* ten . 


The  largest  area  of  semlarld  climate  In  southern  Africa  extends  in  an  arc  around 
the  Kalahari  Desert  from  southern  Angola  to  the  Karoo;  it  Includes  all  of  Beehuanaleed 
and  It  has  two  ramifications  eastward  to  Mozambique  along  the  Zambezi  and  Limpopo  valleys. 

The  relatively  restricted  samiarid  climates  of  Madagascar  are  found  in  the  south- 
western plains  and  at  the  north  coastal  station  of  Diego  Suarez.  Semlarld  climate  In 
Madagascar  presents  little  competition  to  other  moisture  regions  for  the  development  of 
agricultural  pursuits. 

Arid  Climates 

The  arid  climates  ere  the  most  exten.-ii.a  in  Africa.  In  a 1 1 *.  1 n l.b* 
coast  belt  of  arid  climate  across  the  Sahara,  northern  Africa  has  small  outliers  oi 
arid  climates  in  coastal  Morocco,  to  the  southeast  of  the  Ethiopian  Highlands  and  in  the 
lowlands  surrounding  Lake  Rudolf  and  Lake  Natron  in  Kenya  and  Tanganyika.  Arid  climates 
In  the  southern  hemisphere  include  the  Kalahari  Desert  and  the  southwest  roa-tal  strip 
from  Luanda  to  latitude  33°S.  Two  additional  areas  of  arid  climates  are  indicated  in 
southwest  Madagascar  and  In  the  vallay  of  the  Limpopo  through  the  south  of  southern 
Rhodesia  and  adjacent  Mozambique. 

In  the  arid  region  of  the  Sahara,  moisture  indices  are  less  than  -*>0  close  to  the 
southern  flank  of  the  Saharan  Atlas,  as  for  example  at  Colomb  Rechar,  and  the  moisture 
index  ie  less  than  -50  in  all  stations  of  Egypt  except  Gaza.  Most  of  the  Sahara  has 
very  lov  moisture  indices  hecause  of  deficient  precipitation  and  large  water  needs;  the 
molstura  index  is  less  than  -50  throughout  the  central  Sahara  so  that  even  as  far  south 
as  Khartoum,  Kidal,  and  Timbuktu,  one  finds  indices  of  less  than  -50.  Near  the  borders 
of  the  arid  regions,  tha  moletura  index  undergoes  a moderately  sharp  transition  where 
indices  of  -hO  to  -50  are  arrayed  in  a narrow  band  around  the  main  area  of  prevailing 
indices  of  -50  and  less. 

Moisture  indices  in  other  arid  climates  of  Africa  are  rarely  so  low  as  in  the 
Sahara.  Because  the  coast  of  Somalia  near  Mogadiscio  has  a slightly  greater  amount  of 
precipitation  than  elsewhere  in  its  immediate  vicinity  the  moisture  index  is  locally 
only  • a0  rather  than  -50. 

A moisture  index  of  -55  at  Lodwar,  Kenya  indicates  that  Lake  Rudolf  is  surrounded 
by  a relatively  small  region  of  arid  climate.  A similar  soot  of  arid  climate  around 
Lake  Natron  In  Kenya  and  Tanganyika  is  indicated  by  a moisture  Index  of  —1*8  at  Magadl . 

The  ar(  climate  along  tha  Limpopo  in  the  south  of  southern  Khodesla  embraces  Beltbridge 
and  two  additional  stations  where  moisture  indices  are  from  -U?  to  -1*7 . The  lowest 
index  In  Madagascar  is  -L5  at  Androka  in  the  southwest  of  the  island. 

The  Mamib  and  Kalahari  Deserts  are  the  loci  of  the  remaining  arid  climates  of 
Africa.  Fron  Luanda,  Angola  to  the  vicinity  of  the  mouth  of  the  Ollfants  River,  the 
climate  is  arid  and  moisture  indices  are  mainly  less  than  -b0  in  Angola  and  -50  in 
southwest  Africa  and  the  Union  of  Couth  Africa.  The  zone  of  arid  climates  enlarges  in- 
land from  the  mouth  of  the  Orange  Hiver  to  Include  indices  oi  -50  around  Upnlngton. 
Generally,  hjwever,  the  moisture  indices  ir.  the  Kalahari  do  not  appear  to  have  a sharp 
gradient  from  -50  to  -liO  as  was  indicated  in  the  Sahara. 


CLIMATIC  MAPS  0>  TNDIA  AND  VICIHITT 

Aver aga  Annual  Precipitation 

In  figure  3 tha  distribution  of  the  average  annual  precipitation  of  India  and 
vicinity  is  shown.  This  map  is  a generalized  reduction  by  K,  Nishimoto  of  a Ii5»000,000 
map  originally  prepared  by  /arenas!  P.  Subrahmanyam  and  Gopal  I.  Shanbhag, 

Maxima  of  precipitation  coincide  with  higher  elevations  in  the  Jhats,  the  eastern 
Himalaya  and  tha  Arakan  Toma  but  a general  decrease  from  southeast  to  northwest  is 
character  1 stlc  of  the  region  between  the  Ghats  and  the  Himalayas.  The  distribution  of 
precipitation  Is  markedly  seasonal  yet  the  west  coa-t  of  the  Deccan  and  virtually  a'l 
tha  sub-c.-ntircnt  east  of  the  flpth  meridian  have  annual  totals  exceeding  100  cm. 


Piftx*  3.  Ayer* 


Minim*  of  precipitation  are  found  mainly  in  the  northwest  but  subsidiary  center* 
appear  in  the  lee  of  the  Ghats,  the  Khasi  Hills,  and  the  Arakan  Toma.  The  region  of  low 
precipitation  in  the  Indian  sub-continent  corresponds  in  latitude  to  the  extensive  belt 
of  sparse  precipitation  extending  across  Africa  and  Arabia  alone  the  Tropic  of  Cancer. 
The  region  of  large  precipitation  amounts  in  India  has  annual  totals  comparable  to  the 
greatest  amounts  in  central  Africa;  however,  the  cone  of  heavy  precipitation  in  India 
extends  to  latitude  3C*3  while  its  African  counterpart  is  distinctly  equatorial. 

An  appreciation  of  precipitation  in  relation  to  its  adequacy,  superfluity,  or 
paucity  can  hardly  be  gained  from  perusal  of  the  isohyetal  pattern  alone;  proci pitntion 
must  be  compared  with  water  need  or  potential  evapotranspiration. 

Average  Annual  Potential  K.apotre*'1 ; Irjliuli  (Plate  II-A' 

In  plate  II-A,  the  same  ranges  of  thermal  efficiency  (.water  need  or  potential 
•vapotranspl ration)  are  shown  for  India  and  vicinity  that  were  portrayed  for  Africa  in 
plate  I -A. 


The  frost  (E' ) climates  and  the  taiga  (D* ) climates  occur  on  the  Himalaya  summits 
at  high  elevations  but  only  a small  area  is  represented  in  the  agrregate  so  D'  and  E' 
climatas  are  not  shown  on  the  small-scale  map  in  this  report.  Microtheraial  (C')»  meso- 
thermal  (B1),  and  megathermal  (A1)  climates  dominate  the  Indian  sub-continent. 

Microthermal  climates  in  India  are  exclusive  to  the  higher  ranges  in  the  Himalaya 
Mountains.  No  lowlsnd  microthermal  climates  exist  in  India  and  only  two  observatories 
at  Leh  and  Dras  in  Kashmir  have  known  average  annual  totals  of  potential  evapotransnira- 
tion  which  fall  into  the  microthermal  category.  Both  stations  are  higher  than  10,000  ft. 
elevation. 

Mesothermal  climates  are  prominent  at  moderate  elevations  especially  above  2500  ft. 
in  the  Himalaya  and  Sulaiman  Mountains,  in  the  Khasi  Hills,  the  Shan  Plateau,  and  the 
Arakan  Toma.  Mesothermal  regimes  are  found  at  relatively  higher  levels  in  the  western 
Ghats  and  the  Aravalli  Range,  principally  above  I4OOO  ft. 

Mepathermal  climates  dominate  nearly  all  the  productive  land  of  the  Indian  sub- 
continent except  the  valleys  of  Kashmir  and  moat  lowlands  have  about  110  cm  of  water 
need.  Annual  totals  exceed  171  cm  of  water  need  in  only  four  small  regions:  the 
Irrawaddy  Delta,  the  Coromandel  Coast,  northern  Ceylon,  and  the  Malabar  Coast.  Although 
megathermal  climates  are  found  in  a larger  proportion  of  India  than  in  Africa,  the  extreme- 
ly high  water  needs  of  north  Africa  do  not  occur  widely  in  India.  It  is  particularly 
evide-  that  the  Thar  Desert  does  not  have  annual  amounts  of  potential  evapotranspiration 
comparable  to  those  found  in  the  Sahara  and  Somalia  deserts. 

The  seasonal  distribution  of  potential  evapotranspiration  follows  one  of  three 
general  patterns  in  the  area  represented  by  the  maps  of  plate  II-A.  In  the  northwest, 
monthly  amounts  of  water  need  are  arranged  in  a nearly  symmetrical  curve  as  is  illustrated 
by  the  rraph  for  Srinagar  in  figure  1-1.  In  lowest  latitudes  and  at  highest  altitudes 
of  thla  region,  the  monthly  amount*  of  potential  evapotranspiration  are  only  slightly 
different  from  on*  anothar;  this  constancy  of  water  need  is  shown  in  the  graphs  for 
Colombo  and  Kanpetlet  in  figure  1-E,G.  The  most  prevalent  type  of  march  for  water  need 
ia  an  asymmetrical  curve.  The  skewed  curve  for  Agra  in  figure  1-J  la  representative  of 
ths  annual  course  of  potential  evapotranspiration  at  most  stations  in  the  Ganges  Va"  py 
and  In  northern  Deccan. 

Average  Annual  Water  Deficiency  (Plate  II-C) 

There  is  no  significant  water  deficit  in  the  moderate  and  high  elevations  of  the 
Arakan  Toma  and  the  eastern  Himalaya  Mountains.  At  the  other  extreme,  the  largest  area 
of  excessive  deficiency  in  the  sub-continent  is  found  in  the  Indus  Valley.  Virtually 
all  the  Indus  Valley  in  Pakistan  has  more  than  100  cm  of  deficit.  Between  the  area  of 
largest  deficit  In  Pakistan  and  the  Himalayan  region  of  negligible  deficit,  the  isopleths 
of  deficiency  are  regularly  arrayed. 

Besluen  the  Indus  Valley,  there  are  three  smaller  centers  of  excessive  deflelti 
the  rei  tra ) Irrawaddy  Valiev,  the  Klstna  Valley  in  the  central  Deccan  and  a small  area 
In  northw<  • t Ceylon  opposite  ■ similar  area  on  the  mainland. 


Deficit  throughout  the  year  in  the  Indus  Valley  ts  usually  un  inter  rut  ten;  » /en 
where  there  1?  reliable  precipi  tation,  it  is  not  enottrh  *0  satisfy  the  average  monthly 
water  need.  At  Karachi,  as  figure  1-H  shows,  there  i9  never  a month  when  average  preci- 
pitation is  as  much  as  the  average  water  need.  In  the  Irrawaddy  Valley,  deficit  is  con- 
tinuou-  as,  for  example,  at  Mandalay  (figure  1-K ) in  the  heart  of  the  central  section  of 
the  valley,  The  Klstna  Valley  and  the  lowland  around  Madura  in  Madras  irovmcc  also 
have  deficits  which  are  virtually  continuous. 

The  regions  '•-‘h  negligible  deficit  have  only  a month  or  two,  if  any,  when  preci- 
pitation is  inadequate  for  needs.  Such  deficits  generally  occur  durinr  March  and  April. 

Averore  Annual  Water  Surplus  (Plate  II -D) 

World  record  amounts,  of  surplus  occur  In  i.nd  f.uasl  Hills  wneii-  •!;,«. i npurdji  hu" 
more  than  1000  cm  of  surplus  water  in  eight  months.  The  coast  of  Burma  nenr  Gwa  and 
the  hergui  Coast  fart'  .t  south  have  astounding  amounts  of  surplus,  between  liOO  and 
500  cm,  while  in  the  eastern  Himalayas  and  in  the  central  part  of  the  Chats,  some  water 
surpluses  exceed  200  cm.  East  of  longitude  80°,  surplus  is  copious  everywhere  rxcept. 
in  the  central  sections  of  the  Ganges  and  Irrawaddy  valleys  wher*  'hers  is  only  20  em 
of  surplus. 

The  Ghats,  the  central  Deccan  uplands,  and  the  coasts  of  Hurma  have  a large  sur- 
plus which  generally  reaches  its  peak  in  June  and  July  just  after  the  pinnacle  of  the 
drought  season  in  April.  Coastal  Madras  and  the  interior  of  Ceylon  have  a surrlus  during 
November  and  adjacent  months.  Some  stations  in  southern  Deccan  and  Ceylon  have  both  a 
November  and  Junc-July  maximum  of  surplus. 

In  the  northwest,  precipitation  is  maximum  and  water  need  is  least  in  winter  so 
that  surplus  also  occurs  in  winter.  Other  seasons  have  no  significant  surplus;  indeed, 
surplus  occurs  only  at  the  high  elevations  where  precipitation  ir  appreciable. 

Moisture  Regions  (Plate  II-B) 

The  moisture  regions  of  the  Indian  sub-continent  range  from  arid  to  perhumid  with 
all  intermediate  moisture  categories  represented.  >*oist  climates  and  dry  climates  are 
separated  by  a bold  line  on  the  moisture  regions  map  in  plate  II-B.  •'•oist  and  dry 
climates  are  nearly  equal  in  area  in  India.  The  Ghats,  central  Ceylon,  the  Aravalli 
Range,  and  peaks  of  the  Gulalman  Mountains  appear  as  outliers  or  the  main  area  of  moist 
climates  to  the  east  of  the  80th  meridian.  On  the  other  hand,  dry  climates  appear  as  an 
Isolated  area  in  the  central  Irrawaddy  Valley. 

Pci  urnld  climates  on  the  Burma  coast  anC  the  uplands  of  the  Ghats,  Arakan  Yoma, 
Khasi  Mills,  and  Himalaya  Mountains  have  excessive  moisture  indices.  At  Cherapundji  the 
index  is  l?5b;  at  Akyab  on  the  Burma  coast  it  is  2li5.  Although  Cherapundji  has  no 
reliable  deficit,  there  are  moderate  and  consistent  deficits  at  Akyab  and  many  other  per- 
humid stations  with  excessive  moistire  indices. 

In  spite  of  the  large  range  of  the  moisture  index  which  is  included  in  the  category 
of  humid  climates,  there  is  not  much  area  in  India  and  vicinity  which  has  humid  climate, 
in  fact,  there  is  only  slightly  more  area  of  humid  climate  than  of  perhumid  climate. 

Suhhumid  climates  are  most  extensive  in  the  uplands  of  the  northern  Deccan  and  the 
central  part  of  the  Ganges  Valley.  Surplus  and  deficit  are  nearly  equal  in  this  region, 
averaging  about  50  cm  per  yeur.  In  coastal  Madras  and  Ceylon  where  there  are  two  small 
surlus  seasons  and  two  seasons  of  deficit,  the  climate  is  only  suhhumid  in  spite  of  the 
fact  that  annual  precipitation  totals  exceed  100  cm, 

oamiarld  climate  in  the  Deccan  occupies  most  of  the  Klstna  Valley  and  the  const 
of  Andhra  as  well  as  the  interior  plains  in  the  south  of  Madras,  oemiorid  climate  also 
is  prevalent  at  lowest  elevations  in  the  central  Irrawaddy  Valley.  From  the  Kathiawar 
Peninsula  to  the  aravalli  rtange,  then  northward  and  northwestward  to  the  l\injah  an  exten- 
sive area  of  semlsrtd  climate  is  shown  in  plate  II-L),  On  the  middle  slo|>es  of  the 
Ruin  I man  Mountains  and  contiguous  ranges,  semiarid  climate  continues  from  the  Punjab  to 
#. fchitnl  st, an  snd  1 ran . 


1 


Arid  cliff*  te  is  found  In  the  lee  of  the  Ohsts  al  thouph  moisture  indices  there 
indicate  only  the  wort  mode.it  of  arid  conditions.  A thurourhly  aria  region  extends 
alonp  the  central  and  lower  course  of  the  Indus  River  and  then  westward  alonr  the  coast 
of  the  Gulf  of  Oman.  Arid,  climate  also  characterises  the  interior  basins  in  Daluchistan. 

Arhl  climates  are  found  mainly  at  low  to  moderate  elevations  where  precipitation 
is  small,  but  neither  precipitation  amiunts  nor  elevations  can  serve  to  indicate  every- 
where that  a-id  ■•!  t mater  are  to  be  found  In  lndln  and  vicinity. 


DISCUSSION 

In  preparing  the  climatic  maps  it  was  accepted  that  tnev  must  depict  ■ he  ,,e 

conditions  where  data  are  Insufficient  to  indicate  actual  conditions.  Acrord<nply,  the 
mao  patterns  fit  the  climatic  data  and,  in  various  decrees,  they  correspond  to  the  rajor 
relief  patterns.  In  spite  of  this  attribute,  the  maps  must  he  regarded  as  renerallred 

illustrations  so  that  reference  to  the  tabulated  data  is  necessary  for  eji'-i  nrd  detailed  £ 

Information. 

Each  mao  pattern  carries  out  a pre-determl ned  style  of  generalisation,  or  Intel — 
polatton,  which  is  appropriate  for  the  particular  climatic  parameter.  Since  the  Inter- 
polation technique  rests  mainly  on  topographic  information,  the  maps  of  Africa  are 
especially  detailed  because  they  are  based  on  a superlative  physical  map  made  available 
for  our  project  by  the  American  Georrarhical  Society.  In  addition  to  their  correspondence 

with  data  and  topography,  the  climatic  patterns  resemble  one  another  in  certain  instances.  I 

The  map  of  potential  evapotransniration  is  renernlly  dissimilar  to  the  mans  of 
prf  clpl  tatlon,  water  surplus  and  moisture  replons,  but  the  pattern  of  water  deflcleney 
resembles  the  pattern  of  potential  evarotrans.  i ration  where  precipitation  Is  sllpht.  Of 
course,  if  there  were  no  precipitation,  the  water  need  anri  the  water  deficiency  would  be 
equivalent. 

The  pattern  of  moisture  r<  rions  mljrht  be  reasonably  well  anticipated  from  the  I 

distributions  of  precipitation,  water  surplus  and  water  deficiency,  e’er  humid  regions 
and  rerions  of  very  hlph  precl ni tat  ion  correspond  closely;  moist  climates  and  regions  of 
moderate  water  surplus  art  fojnd  nearly  everywhere  torether;  and  dry  climates  are  almost 
coincident  with  prevailing  patterns  of  water  deficiency.  There  Is  no  clearly  discernible 
agreement  between  the  patterns  of  potential  evafotrar.rniration  and  moisture  regions  except 
In  the  dry  climates. 

fht  re  is  a close  correspondence  between  areas  of  nrrlipihlc  deficit  and  regions  of  P 

hlph  annual  precipitation.  The  similarities  between  certain  water  deficiency  patterns 
and  dry  climates  as  well  as  the  likeness  hetween  maxima  of  potential  evapotransplrntion 
and  larpe  dericits  have  been  Indicated  previously.  There  is,  however,  a distinctive  con- 
trast between  water  deficiency  and  water  ruri-lus  patterns,  uhere  one  is  mo*  t intricate, 
the  other  varies  only  rradually.  t‘>t ill,  the  outline  or  least  surplus  renernlly  defines 
maxima  of  def.clencv  and  vice  versa. 

Wa*ei  sirplus  pattern*-  resemble  patterns  of  precl  ni  tat  Ion  where  the  precl  pi  tat.1  on  & 

is  larpe  and  they  also  rosembl  e the  me1  rt.  climates  or  the  moisture  repions  map. 

The  map  of  precipitation  in  Africa  wa*  constructed  from  nreeipi tatlon  records  of 
Kdili  station'  and  fr  m reference  to  lnrpe-rcale  precipitation  mans  of  Individual  countries 
of  Africa.  The  precipitation  mar  In  flpuri  ? aprees  renernlly  with  author!  tatl  ve  precipi- 
tation maps  published  for  various  rountrles  of  Afrirn,  Althourh  those  rnn: s arc  based 
presumably  on  intimate  arqua 1 ntnnce  with  the  particular  country  and  on  complete  precipita- 
tion records,  they  arc  not  comprehens I ve  of  the  whole  continent  ami  the  method  of  mn:  nine  ® 

Is  not  consistent  frem  one  map  to  the  next..  Our  map,  in  the  orlplr.nl,  has  n scale  of 
1 i U, 0 if), O'Vl  and  It.  pertain*  to  tin  whole  continent  hut  it  l;  not  a pal  ri?  tak  lnp  interpreta- 
tion of  the  distribution  of  precipitation.  The  map  of  precl  pi  tatlon  in  India,  flpure  J, 

1'  rather  similarly  limited  In  Its  purpose  and  depree  of  articulation  althourh  more  than 
bon  station'  were  available.  Instead  of  prcsentlnr  a most  detnl'.i  1 map  of  thr  precipita- 
tion ill  s' r Ibutlon,  thl*  penernl  map  was  included  merely  to  ind  '-ate  that  precipitation 
distribution  do<  - net  ■ ervr  ndiquntely  to  represmt  either  tin  cj'mntir  types  or  the  hyriro- 

I'.ri.-  fr.ractrr  of  a r»-rlon.  9 


The  laps  of  pl*t«S  I and  II  should  b*  regarded  sc  preliminary  in  the  sense  that 
they  are  th • first  attespt  to  portray  the  continent  of  Africa  and  the  Indian  sub-continent 
In  the  Thorn  thwaita  system  of  clisatlc  classification.  They  are  the  first  asps  to  include 
th#  principal  features  of  th#  water  balance  or  the  hydrologic  supply  and  demand  of  those 
large  continental  land  Basses.  The  saps  are,  of  course,  subject  to  corrections  and 
modification  based  on  later  information  and  experience  with  the  intricacies  of  vegetation, 
soils,  hydrologic,  clinatlc,  and  ecological  conditions  in  specific  areas. 
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